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Morphological Abnormalities in Illinois Cricket Frogs, A eris crepitans, 1968-71 
ROBERT H. GRAY 
RH Gray & Associates, 2867 Troon Court, Richland, Washington 99352 
Email: rhgray@ix.netcom.com 
Reports of malformed amphibians have been increasing, including external deformities such as missing or extra arms and legs, missing 
eyes and mandibles, and internal abnormalities involving the bladder, digestive system, and testes. Natural phenomena such as limb 
amputations during predation attempts by other animals, parasitism, xenobiotic chemicals (herbicides, insecticides, fertilizers and 
others), and UV-B or other radiation (either directly or indirectly by triggering production of toxicants from nontoxic chemicals) have 
all been linked to amphibian abnormalities. From 1968-71, I studied the natural history, effective breeding size, and seasonal, annual, 
and geographic variation in color morph frequencies of cricket frogs (Acris crepitans) in Illinois ro evaluate the potential adaptive 
significance of polymorphism in the species. Cricket frogs from seven different populations were marked for later identification and 
followed for three years. Additionally, cricket frogs from 28 other populations in Illinois were sampled at least once. A detailed review 
of my field notes showed that 30 years ago the frequency of abnormalities recorded throughout Illinois was 0. 39% and that most 
oddities involved missing arms and legs (0.32%) rather than extra limbs (0.07%). Missing limbs may reflect attempted predation by 
other animals while extra limbs would indicate developmental errors. Only seven confirmed deformities (extra or deformed arms, 
deformed digits, underdeveloped mouth) were recorded in almost 10,000 frogs examined. 
INDEX DESCRIPTORS: amphibian malformations, Cricket frog, Acris crepitans. 
Amphibian species are believed to be declining worldwide (Bar-
inaga 1990, Blaustein and Wake 1990, Wyman 1990, Pechmann et 
al. 1991, Wake 1991). Several amphibian species (e.g., two species 
of gastric brooding frogs in Australia, the golden toad in Costa Rica) 
have apparently become extinct in recent decades (McDonald 1990). 
Along the North American Pacific coast, the red-legged frog (Rana 
aurora) is no longer present in areas where it was previously abundant 
and common. In the rural Midwest, the cricket frog (Acris crepitans) 
has undergone a dramatic decline in areas such as Illinois where it 
was once the most abundant amphibian species (Smith 1961). It is 
on the endangered species list in Wisconsin, and is now believed to 
be extinct in Minnesota and Ontario, Canada (Oldham 1992, Green-
well et al. 1996). 
Concurrent with population declines, reports of malformed am-
phibians have been increasing (Kaiser 1997, SETAC 1997). However, 
not until a group of students went on a field trip in Le Sueur County, 
Minnesota, in August 1995 (Helgen 1998) did the deformity issue 
achieve its current visibility. The occurrence of malformed leopard 
frogs (Rana pipiens) and other amphibian species is now well docu-
mented in the popular press. Reports include external deformities 
such as missing and extra arms and legs, missing eyes and mandibles, 
as well as internal abnormalities involving the bladder, digestive 
system and testes (Greenwell et al. 1996, SETAC 1997). 
Amphibians may be considered sentinel species (i.e., the "miner's 
canary") that can provide early warning of environmental degradation 
and potential risk to humans. Because of the link to human health, 
the issue has received extensive media attention and has the potential 
to become highly politicized. The reported increase in amphibian 
abnormalities may be real or simply reflect an increase in the number 
of scientists studying the problem. Deformed frogs were noted as far 
back as the 1700s. 
From 1968-71, I studied the natural history including effective 
breeding size (Gray 1971a, 1971b, 1983, 1984), and seasonal, annual 
and geographic variation in color morph frequencies (Gray 1972, 
1983, 1995) of cricket frogs, Acris crepitans, in Illinois to evaluate 
the potential adaptive significance of polymorphism in the species. 
Cricket frogs from seven different populations were marked for later 
identification and followed for three years. Additionally, cricket frogs 
from 28 other populations in Illinois were sampled at least once. 
Throughout the study, I kept detailed records on the condition of 
each frog sampled (Gray 1972, 1995). However, the incidence of 
abnormalities was low and I have not previously reported the data. 
Similarly, authors of other field studies involving A. crepitans in Texas 
and Louisiana (Pyburn 1961), Indiana (Issacs 1971), and Kansas 
(Burkett 1984) were silent on the incidence of malformations in this 
species. Because historical data on the nature of malformations in 
cricket frogs are lacking, I recently conducted a complete review of 
my field notes to determine the frequency of abnormalities that oc-
curred over 30 years ago. 
STUDY SITES AND METHODS 
Seven areas (six in central Illinois, one in southern Illinois) were 
selected for intensive study from 1968-71. The study areas (Fig. 1) 
and sampling and marking methods were previously described (Gray 
1983). The areas include the Mackinaw River, Dawson Lake Pond, 
and the English Farm Ponds (A, B, C) in Mclean County, Six-mile 
Creek in Woodford County, and the La Rue Pine Hills Swamp in 
Union County. Study areas were visited at least monthly. Three study 
areas (English Farm Ponds) were visited twice monthly. The Dawson 
Lake Pond was also visited twice monthly during the fall of 1970. 
Cricket frogs were captured by hand or with a small net and the 
following information (relevant to this discussion) was recorded: (1) 
specimen number, (2) vertebral stripe color, (3) snout-vent length, 
(4) sex, and (5) abnormalities, including malformations. Population 
sizes were determined by the Lincoln-Peterson Index (Scattergood 
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Pine Hills Swamp 
SP98010001.3FH 
Fig. l. Study areas sampled in Illinois, 1968-71, for Acris crepitans. 
Main study areas indicated by name. 
Table 1. Frequency of cricket frog (Arris crepitans) abnormal-
ities in Illinois, 1968-71. 
Frogs Abnormalities 
Examined 
Study Site n n % 
English Ponds 
Pond A 1022 13 1 
Pond B 1988 20 1 
Pond C 480 3 1 
Macinaw River 345 0 0 
Six mile Creek 715 0 0 
Dawson Lake 2577 1 0.04 
Pine Hills 991 2 0.2 
Other Locations 1869 0 0 
(n = 28) 
Total 9987 39 0.39 
1954). Other locations in Illinois were also visited during the spring 
and fall of 1970. 
RESULTS AND DISCUSSION 
Numbers of frogs examined, and numbers and frequencies of ab-
normalities recorded in Illinois during 1968-71 are shown by lo-
cation in Table 1. Overall, only 0.39% of the frogs collected through-
out the state were abnormal. The abnormalities occurred in two cat-
Table 2. Types of cricket frog abnormalities in Illinois. 
Number 
32 
7 
Description 
missing limbs/digits (entire leg or below 
knee, foot, arm, hand, digits) 
malformed fore limbs, feet, digits, mouth; 
extra forelimbs 
egories. Deformed frogs were either missing whole or parts of limbs 
and digits or had deformed or extra limbs, digits and mouth parts 
(Table 2). Most oddities involved missing arms and legs (0.32%) 
rather than extra limbs (0.07%). Missing limbs may reflect attempt-
ed predation by other animals whereas extra limbs would indicate 
developmental errors. Only seven confirmed deformities (extra or de-
formed arms, deformed digits, underdeveloped mouth) were recorded 
among almost 10,000 frogs examined. 
These data show that the incidence of malformations in cricket 
frogs in Illinois during the years studied was low and generally less 
than those reported for other species in other areas during other 
years. Much higher incidences of malformations have been reported 
for Pacific tree frogs (Hy/a regilla) in Idaho by Reynolds and Stevens 
(1984) and spotted salamanders (Ambystoma maculatum) by Worthing-
ton (1974). In Minnestota, Quebec, and Vermont, where abnormal-
ities currently receive much attention, the overall frequency of mal-
formations is 8% but can be as high as 67% in some ponds and 
lakes (Kaiser 1997). A review of data available on the World Wide 
Web (http://www.npwrc.org/narcam) from across North America 
shows that abnormalities can range from 0-100% where the total 
number of frogs observed is known. However, where incidences of 
abnormalities are high, sample sizes are always low (<5). In many 
cases the total number of frogs examined is not reported, and in all 
cases historic data with which to compare are unavailable. 
Most of the abnormalities reported appear to involve missing rath-
er than extra limbs which is consistent with my findings for cricket 
frogs in Illinois. Missing limbs may reflect unsuccessful predation 
attempts by other animals. Natural phenomena such as limb am-
putations during predation attempts and parasitism (Sessions 1997, 
Sessions and Ruth 1990), agricultural chemicals (herbicides, insec-
ticides, fertilizers) and other xenobiotic contaminants (Ouellet et al. 
1997), UV-B radiation either directly (Blaustein et al. 1997) or in-
directly by triggering production of toxicants from nontoxic chem-
icals (Dumont et al. 1997), and radioactivity (Meyer-Ruchow and 
Koebke 1986) have all been linked to amphibian abnormalities. 
However, there are very few, if any historical data with which to 
compare current trends, and the reported increase in amphibian ab-
normalities may simply reflect increase in number of scientists study-
ing the problem. 
Currently, field studies are focused in Minnesota, Wisconsin, Ver-
mont, and Quebec, and a centralized reporting mechanism has been 
established (Johnson et al. 1997, see http://www.npwrc.org/narcam) 
to collect, manage, and aid in the interpretation of data from across 
the United States and Canada. The North American Reporting Cen-
ter for Amphibian Malformations is managed by the Northern Prai-
rie Wildlife Research Center in Jamestown, North Dakota. The Cen-
ter utilizes the internet and encourages public input. While scientists 
at several recent workshops appear to agree that the reported decrease 
in amphibian populations is real, the reported increase in amphibian 
malformations and their causes are being hotly debated (Reaser and 
Johnson 1997, SETAC 1997). 
Recent surveys of anurans in Minnesota (Hoppe and Mottl 1997) 
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Table 3. Recaptures of deformed frogs, McClean County, 1969-70. 
No. 110 (missing right hand}-Pond A 
Date 10/6/69 11/6/69 4/8/70 
Length (mm) 24 24 24 
Color gray gray gray 
Sex juvenile juvenile juvenile 
No. 10 (double right arm}-Pond C 
Date 8/21/69 4/28/70 719170 
Length (mm) 15 26 29 
Color gray red red 
Sex juvenile male male 
revealed limb and/or eye malformations in six species: northern leop-
ard frog (Rana pipiens), mink frog (R. septentrionalis), wood frog (R. 
sylvatica), spring peeper (Pseudacris crucijer), gray tree frog (Hy/a ver-
sicolor), and American toad (Bufo americanus). The highest frequency 
and severity of malformations occurred in the most aquatic species 
(mink frog). Analyses of sediments and water samples are planned 
from locations where deformed amphibians were found. Because am-
phibians develop from fertilized eggs in water and have permeable 
skin, they are at a particular risk from water-based agents. 
Ouellet et al. (1997) suggested that conspicuous abnormalities 
constitute a survival handicap because they interfere with swimming 
and hopping. Alternatively, Van Valen (1974) speculated that oc-
currence of extra limbs and digits at relatively high frequencies in 
some amphibian populations may result in a morphologically and 
adaptively discontinuous origin for a new taxon. Interestingly, several 
of the frogs I marked as abnormal, were later recaptured and two 
survived through the winter and following breeding season. 
Table 3 shows the identities, distinguishing characteristics, and 
capture dates of two frogs from farm ponds in McClean County from 
1969-70. Frog No. 110 was originally captured on Ocrober 6, 1969 
and identified as a 24 mm gray morph with the right hand missing. 
The animal was subsequently recaptured six times and recorded as a 
29 mm gravid female on June 6 and July 9, 1970, and as a 29 mm 
spent female on August 6 and September 8, 1970. 
Frog No. 10 was originally captured on August 21, 1969 and 
identified as a 15 mm gray morph with an extra right arm. The 
animal was later recaptured twice and recorded as a 26 mm and 29 
mm red male on April 28 and July 9, 1970. Metachrosis of the 
vertebral stripe involving red and gray morphs occurred about 11 % 
of the time at these ponds (Gray 1972). 
In both examples, neither the loss of a hand nor the addition of 
an arm prevented the animal from overwintering and living through 
the following breeding season. Whether these animals actually bred 
is unknown but the female did develop and expel eggs. Given the 
low incidence of abnormalities observed throughout Illinois, the suc-
cess of these two frogs is noteworthy. 
Future Needs 
Other hisrorical databases need to be evaluated to identify areas 
where resampling could provide valuable information concerning po-
tential changes in frequency of abnormalities over time. Statistically 
based field surveys must be conducted ro establish the true extent 
and distribution of amphibian malformations. Resurveying the same 
areas that I studied in 1968-71 would indicate whether the fre-
6/10/70 719170 816170 918170 
29 29 29 29 
gray gray gray gray 
gravid gravid spent spent 
female female female female 
quency of malformations in Illinois cricket frogs has changed over 
the last 30 years. Today, this is particularly relevant and urgent be-
cause Acris crepitans, once the most common amphibian in Illinois 
(Smith 1961), has experienced a dramatic decline in numbers in the 
northern Midwest, including the northern third of Illinois (Green-
well et al. 1996). Analytical studies of habitat, sediment, and water 
quality should then be focused in areas where increases in malfor-
mations have been documented to evaluate factors operant in those 
locals. 
ACKNOWLEDGMENTS 
I thank Dr. Lauren E. Brown who reviewed the manuscript and 
Mr. John English who allowed me to use his ponds for study. Field 
work was supported, in part, by NSF Grant GZ-1184. 
LITERATURE CITED 
BARINGA, M.S. 1990. Where have all the froggies gone? Science 37:1033-
1034. 
BLAUSTEIN, A.R., and D.B. WAKE. 1990. Declining amphibian popu-
lations: a global phenomenon. Trends in Ecology and Evolution 5:203-
204. 
BLAUSTEIN, A.R., J.M. KIESECKER, D.P. CHIVERS, and R.G. AN-
THONY 1997. Ambient UV-B radiation causes deformities in amphib-
ian embryos. Proceedings of the National Academy of Sciences 94: 
13 7 3 5-13 7 3 7. 
BURKETT, R.D. 1984. An ecological study of the cricket frog (AcriJ cre-
pitam). Pages 89-103. In Vertebrate ecology and systemacics--a tribute 
ro Henry S. Fitch. R.A. Seigel, L.E Hunt, J.L. Knight, L. Malarec, and 
N.L. Zuschlag, eds. Museum of Natural History, University of Kansas, 
Lawrence. 
DUMONT,J.,J. BANTIE,J. LECLAIR, D. FORT, T. PROPST, B. FAULK-
NER, and E. STOVER. 1997. Mechoprene exposed co UV light causes 
developmental toxicity in Xenopm embryos. Pages 91-92. In Abstracts. 
18'h Annual Meeting of the Society of Toxicology and Chemistry. SE-
TAC, Pensacola, Florida. 
GRAY, R.H. 197la. Fall activity and overwintering of the cricket frog, AcriJ 
crepitam, in central Illinois. Copeia 1971:748-750. 
GRAY, R.H. 197lb. Ecological studies on color polymorphism in the cricket 
frog, AcriJ crepitam Baird. Unpubl. Ph.D. Dissertation, Illinois Scace Uni-
versity, Normal. 
GRAY, R.H. 1972. Mecachrosis of the vertebral stripe in the cricket frog, 
AcriJ crepitam. American Midland Naturalise 87:549-551. 
GRAY, R.H. 1977. Lack of physiological differentiation in three color 
morphs of the cricket frog (AcriJ crepitam) in Illinois. Transactions of the 
Illinois Academy of Science 70:73-79. 
GRAY, R.H. 1978. Nondifferential predation susceptibiliry and behavioral 
ABNORMALITIES IN CRICKET FROGS 95 
selection in three color morphs of Illinois cricket frogs (Acri! crepitans). 
Transactions of the Illinois Academy of Science 71:356-360. 
GRAY, R.H. 1983. Seasonal, annual and geographic variation in color morph 
frequencies of the cricket frog, AcriJ crepitans, in Illinois. Copeia 1983: 
300-311. 
GRAY, R.H. 1984. Effective breeding size and the adaptive significance of 
color polymorphism in the cricket frog (Acri! crepitans) in Illinois, U.S.A. 
Amphibia-Reptilia 5:101-107. 
GRAY, R.H. 1995. An unusual color pattern variant in cricket frogs (AcriJ 
crepitam) from southern Illinois. Transactions of the Illinois Academy of 
Science 83:137-138. 
GREENWEll, M., V. BEASLEY, and L.E. BROWN. 1996. Cricket frog 
research: the mysterious decline of the cricket frog. Aquaticus 26:48-54. 
HELGEN, J. 1998. Investigation of malformed northern leopard frogs in 
Minnesota. Pages 288-297. In Status and conservation of midwestern 
amphibians. M.J. Lannoo, ed. University of Iowa Press, Iowa City. 
HOPPE, D., and E. MOTTL. 1997. Anuran species differences in malfor-
mation frequency and severity in Minnesota. Page 90. In Abstracts. 18th 
Annual Meeting of the Society of Toxicology and Chemistry. SETAC, 
Pensacola, Florida. 
ISSACS, J .S. 1971. Temporal stability of vertebral stripe color in a cricket 
frog population. Copeia 1971:551-552. 
JOHNSON, D.J., B.E. SMITH, D.L. LARSON, T.L. SHAFFER, and S.C. 
FOWLE. 1997. A North American reporting center for amphibian mal-
formities. Page 91. In Abstracts. 1Sth Annual Meeting of the Society of 
Toxicology and Chemistry. SETAC, Pensacola, Florida. 
KAISER, J. 1997. Deformed frogs leap into spotlight at health workshop. 
Science 278:2051-2052. 
MCDONALD, K.R. 1990. Rheobatrach111 Liem and Taudacty/m Straughan & 
Lee (Anura: Leptodactylidae) in Eungella National Park, Queensland: 
distribution and decline. Transactions of the Royal Society of South Aus-
tralia 114:187-194. 
MEYER-RUCHOW, V.B., and J. KOEBKE. 1986. A study of extra extrem-
ity in a five-legged Rana temporaria frog. Zoologischer Anzeiger 217:1-
13. 
OLDHAM, M.J. 1992. Declines in Blanchard's cricket frog in Ontario. Pages 
30-31. In Declines in Canadian amphibian populations: designing a na-
tional monitoring strategy. C.A. Bishop and K.E. Pettit, eds. Occasional 
Paper No. 76, Canadian Wildlife Service, Ottawa, Ontario. 
OUEllET, M., J. BROWN, J., RODRIGUE, J.L. DESGRANGES, and S. 
LAIR. 1997. Hindlimb deformities (ectromelia, ectrodactyly) in tree-
living anurans from agricultural Habitats. Journal ofWildife Disease 33: 
95-104. 
PECHMANN, ].H.K., D.E. SCOTT, R.D. SEMLITSCH, J.P. CALDWEll, 
1. VITT, and J.W. GIBBONS. 1991. Declining amphibian populations: 
the problem of separating human impacts from natural fluctuations. Sci-
ence 253:892-895 
PYBURN, W.F. 1961. The inheritance and distribution of vertebral stripe 
color in the cricket frog. Pages 235-260. In Vertebrate Speciation. W.F. 
Blair, ed. University of Texas Press, Austin. 
REASER, J.K., and P.T. JOHNSON. 1997. Amphibian abnormalities: a 
review. Froglog 24:2-4. 
REYNOLDS, T.D., and T. D. STEPHENS. 1984. Multiple ectopic limbs in 
a wild population of Hy/a regi//a. Great Basin Naturalist 44:166-169. 
SCATTERGOOD, L.W. 1954. Estimating fish and wildlife populations: a 
survey of methods. Pages 273-285. In Statistics and mathematics in 
biology. 0. Kempthorne, T.A. Bancroft, J.W. Gowan, and J.L. Lush, eds. 
Iowa State College Press, Ames. 
SESSIONS, S.K. 1997. Evidence that deformed amphibians are caused by 
natural phenomena. Page 91. In Abstracts. 18th Annual Meeting of the 
Society of Toxicology and Chemistry. SETAC, Pensacola, Florida. 
SESSIONS, S.K., and S.B. RUTH. 1990. Explanation for naturally occurring 
supernumaty limbs in amphibians. Journal of Experimental Zoology 254: 
38-47. 
SETAC. 1997. Abstracts, 18th Annual Meeting, Society of Environmental 
Toxicology and Chemistry, platform session and posters on amphibian 
malformations, San Francisco, California. SETAC, Pensacola, Florida. 
SMITH, P.W. 1961. The amphibians and reptiles of Illinois. Illinois Natural 
Histoty Survey Bulletin 28, Urbana, Illinois. 
VAN VALEN, 1. 1974. A natural model for the origin of some higher taxa. 
Journal of Herpetology 8:109-121. 
WAKE, D.B. 1991. Declining amphibian populations. Science 253:860. 
WORTHINGTON, R.D. 1974. High incidence of anomalies in a natural 
population of spotted salamanders, Amby1toma maculatum. Herpetologica 
30:216-220. 
WYMAN, R.L. 1990. What's happening to the amphibians? Conservation 
Biology 4:350-352. 
